In Iraq, a large quantity of basic orange and methyl violet dyes contaminated wastewater from textile industries is discharged into Tigris River. So the aim of this work is to found an efficient and fast technique that can be applied directly for removal of such dyes from the wastewater before discharging into river. Accordingly, CNTs as a new approach prepared by CCVD technique were purified, functionalized, and used as adsorption material to remove dyes from wastewater. The effect of pH, contact time, CNTs dosage, and dyes concentration on removal of pollutants was studied. The removal percentage of both dyes was proportional to the contact time, CNTs dosage, and pH and inversely proportional to the dyes concentration. The results show that the equilibrium time was 20 and 30 min for basic orange and methyl violet dyes, respectively, and the maximum removal percentage for all dyes concentrations was at pH = 8.5 and CNTs dosage of 0.25 g/L and 0.3 g/L for methyl violet and basic orange dye, respectively. The adsorption isotherm shows that the correlation coefficient of Freundlich model was higher than Langmuir model for both dyes, indicating that the Freundlich model is more appropriate to describe the adsorption characteristics of organic pollutants.
Introduction
There are more than 100,000 types of dyes commercially available, with over 7 × 10 5 tons of dyestuff produced annually, which can be classified according to their structure as anionic and cationic [1] . Dyes are ionic, aromatic organic compounds. Colored dye wastewater arises as a direct result of the production of the dye and also as a consequence of its use in the textile and other industries [2] . These dyes are very stable and can be decomposed only at temperatures higher than 200 ∘ C. For this reason, synthetic dyes often receive considerable attention from researchers in textile wastewater treatment processes [3] .
There are several techniques usually used for removal of organic dyes from wastewater. Adsorption has been found to be superior to other techniques for water reuse in terms of initial cost, flexibility and simplicity of design, ease of operation, and insensitivity to toxic pollutants [4, 5] . CNTs, as newly emerging carbonaceous materials, have attracted considerable interests as potential adsorbents for water treatment application due to their high specific surface area, distinct structure, and modifiable surface chemistry [6] . Carbon nanotubes (CNTs) have been observed to be more efficient carbonaceous adsorbents than conventional ACs, with higher adsorption capacity [7] [8] [9] , shorter equilibrium time [10, 11] , and less weight loss in reactivation [8] . CNTs have been proven to possess great potential for removing many kinds of pollutants such as resorcinol [12] , aniline [13] , ethyl benzene [14] , and phenol [15] .
In Iraq, large quantity of dyes contaminated wastewater from textile industries is discharged into Tigris River. Therefore, we found it necessary to found an efficient and fast technique that can be applied directly for removal of such dyes from the wastewater before discharging into river. CNTs, as a new approach, were prepared, purified, functionalized, and used as adsorption material to remove basic orange and methyl violet dyes from wastewater under different conditions. in Figure 1 . CNTs were purified and functionalized in a way similar to the previously reported process [16] . After preparation of CNTs by catalytic chemical vapour deposition method, purification was used to remove the metal catalyst; 1.5 grams of CNTs was dispersed into a flask containing 100 mL of 6 M hydrochloric acid and then shaken in ultrasonic cleaning bath for 60 min. After that, it was centrifuged and rinsed with deionised water for several times until the pH of mixture was close to 7; the solution was filtered using millipore membrane filter 0.45 m (Chmlab group, Spain).
Finally it was dried in air for 24 hours. For enhancing the dispersion and adsorption capability of CNTs, 1 gram of purified CNTs powder was mixed with 150 mL of 69% nitric acid under total reflux at 100 ∘ C for 2 hours. After CNTs solution cooled, samples were washed with deionized water several times until the pH reached 7; the solution was filtered using millipore membrane filter 0.45 m. Then, CNTs dried in air for 24 hours and then dried in furnace at 140 ∘ C for 2 hours.
Dyes.
Dyes were supplied from Al-Fateh Factory of Textile Industries, Ministry of Industry, Iraq. The characteristics of these dyes are given in Table 1 .
Characterization
Techniques. Different techniques such as SEM, TEM, XRD, and BET were used to identify the structure and properties of CNTs prepared.
X-Ray Diffraction device (type XRD-6000, Shimadzu) was used to determine the crystal structure of prepared CNTs. The XRD pattern of CNTs grown by the CCVD technique is shown in Figure 2 . The main peaks at 2theta = 26.1 corresponding to the 002 plane were observed together with small peaks at 42.61 and 44.83 which are also observed and correspond to the {(100) and (101)} crystallography planes and confirm the existence of multiwall carbon nanotube within the structure [16] [17] [18] [19] [20] . The specific surface area of the prepared CNTs, as determined by the BET method by surface area analyzer (Q Surf 1600, USA), was found to be 166 m 2 /g. The analyzed structure and quality of the prepared CNTs were identified by scanning electron microscopy (SEM) (type TESCAN); Figure 3 (a) shows SEM image of CNTs grown. The range of main external diameters of CNTs was 50-85 nm.
The internal structure of sample of carbon nanotubes prepared was identified by transmission electron microscope (TEM). and most of the carbon nanotubes have closed tips and catalyst particles are encapsulated at the tip or somewhere inside the tube. The FTIR spectra were observed by FTIR spectrometer model (Shimadzu 8400 S, Japan). FTIR for both as-prepared and functionalized MWCNTs is shown in Figure 4 . No carbonyl groups have been detected within this structure. Characteristic bands due to generated polar functional groups are observed for CNTs oxidized in HNO 3 . The band at ∼ 1741.78 cm −1 can be assigned to the stretching variations of C=O groups [21] , the peak at 3742.03 cm −1 is attributed to free hydroxyl groups, and the peak at 3439. assigned to the O-H stretch from carboxyl groups (O=C-OH and C-OH) [22] . Nanotubes due to their carbonic nature and also presence of van der Waals attraction between tubes are hydrophobic, so they exhibit low dispensability in water and organic solvents and irradiating them with ultrasonication does not improve their dispersibility as shown in Figure 5 
Batch Adsorption Experiment.
The maximum wavelength ( max) for basic orange and methyl violet was measured at 390 nm and 580 nm, respectively, and was used to determine the absorbencies using UV-Spectrometer model (1100 Chrom Tech/China). Analysis of samples was carried out based on standard methods and the calibration curves of basic orange and methyl violet dyes are shown in Figures 6(a) and 6(b), respectively. The stock solution of dyes was prepared by diluting 1 g of the dye powder in 1000 mL deionized water in an appropriate volumetric flask. The stock solution was then diluted to the desired initial concentrations of 5, 10, 20, and 30 mg/L. An amount of 100, 200, and 300 mg/L for basic orange dye and 50, 150, and 250 mg/L for methyl violet dye adsorbent (CNTs) was added to 100 mL conical flasks filled with 50 mL of dye solutions of known initial concentrations. The conical flasks were placed inside the shaker and shaking speed was 250 rpm at room temperature 25 ± 2 ∘ C and samples were taken at predetermined time intervals. Dye concentrations after sorption were analyzed using a UV-Spectrometer. The effects of various variables affecting the adsorption of dyes over CNTs were determined during batch experiments. The pH of each solution was adjusted using 0.1 M HCl or 0.1 M NaOH. The pH of solutions was measured with a pH meter (Hanna 211, Romania).
The amount of dyes adsorbed onto CNT, (mg/g), was calculated by the mass balance relationship:
where is adsorption capacity (mg/g), (g) is the mass of adsorbent CNTs, (L) is the volume of dye solution, and 0 and (mg/L) are the dye solution concentration initially and finally, respectively. The adsorption percentage (removal efficiency), Re%, of each dye was calculated as follows:
Results and Discussion

Variables Affect Adsorption Dyes by Functionalized MWCNTs
Effect of Contact Time.
The effect of contact time on the adsorption % of basic orange dye is shown in Figure 7 (a), and the effect of contact time on adsorption capacity of basic orange dye is shown in Figure 7 (b). It is clearly obvious that the time of 20 minutes is sufficient for dye adsorption to reach equilibrium. The effect of contact time on the adsorption % of methyl violet dye is shown in Figure 8 (a) and the effect of contact time on adsorption capacity of methyl violet dye is shown in Figure 8 (b). In such cases, time of 30 minutes is sufficient to reach equilibrium state of methyl violet dye adsorption. The results also show that the adsorption is very fast initially and then slowly reaches the adsorption equilibrium. This can be the consequence of the fact that a large number of free surface sites are available for sorption during the initial stage and, afterwards, the remaining free surface sites are difficult to be occupied, because of repulsive forces between the phases [24] . It indicates that the adsorption mechanism of CNTs is completely different from that of activated carbon. The adsorption by activated carbon depends mainly on the porous structure, so it takes time for adsorbents to diffuse through pores [10] , while the spaces available for adsorption in CNTs are mainly due to the surface site of external wall of cylindrical shape and do not depend on the inner cavities and inner wall spacing [25] .
Effect of pH.
The pH of the aqueous solution is an important factor to affect the dye adsorption process through changing the surface charge of an adsorbent and the ionization behavior of adsorbent and dye. The influences of the solution pH on basic orange and methyl violet dyes removal % by CNTs are shown in Figures  9(a) and 9(b) , respectively.
It can be seen that the basic orange and methyl violet dyes removal efficiencies increase with increasing pH in pH range of 3.0-8.5. The maximum removal was achieved at pH 8. due to the modified CNTs surfaces which introduce anionic group (COO − ) and thus improve their ion exchange property for selective adsorption of oppositely charged species (dyes) from aqueous solutions through electrostatic force of interactions.
The mechanism for dye removal may be explained as follows: at low pH values the excessive hydrogen ions in the solution may compete with the dyes cations for the active sites (COO − ) of functionalized CNTs and hence a lower adsorption % and adsorption capacity of dyes are observed compared with higher pH value.
At higher pH values, the cations dyes are easily attached on the surface of negatively charged functionalized CNTs through electrostatic force attractions [26] . The removal % of basic orange dye increases from 55, 47, 37.7, and 32.6 to 74, 70, 66.3, and 65.7 for dye concentration 5, 10, 20, and 30 ppm, respectively, with the increase in pH from 3 to 8.5, while the removal % of methyl violet dye increases from 16.83 to 50 for dye concentration of 30 ppm with the increase in pH from 3 to 8.5.
Effect of Modified CNTs Dosage.
The effects of CNTs dosage on the adsorption process of basic orange dye are shown in Figure 10 (a) and for methyl violet dye are shown in Figure 10(b) .
In order to find the optimum dosage of CNTs, three doses of adsorbent were investigated 0.1, 0. The tests were performed at contact time of 30 min for basic orange dye and 40 min for methyl violet dye and pH 8.5.
For the results shown in Figure 10 percentage increases to 99.6% and, at an initial concentration of 30 mg/L of methyl violet dye, the maximum removal percentage was found to be 97.87% and, by decreasing the methyl violet dye to 5 mg/L, the removal percentage increased to 99.95%. For constant dosage of CNTs adsorbent at lower initial dyes concentration the large number of vacant surface sites was available for adsorption of dyes. Meanwhile, by increasing dyes concentration, adsorption sites of adsorbent became lower and due to repulsive forces between dyes molecules on CNTs, the occupation of remaining vacant surface sites was difficult [1] .
Adsorption Isotherms.
Adsorption isotherms provide qualitative information on the capacity of the adsorbent as well as the nature of the solute-surface interaction. In this study, two isotherm models, Langmuir and Freundlich models, were studied to describe the equilibrium characteristics of adsorption [1] . The adsorption isotherm models of Freundlich (see (3)) and Langmuir (see (4)) can be represented by the following linear forms:
where is the equilibrium of adsorbate concentration on adsorbent (mg/g), is the equilibrium concentration of adsorbate in solution (mg/L), and are the Freundlich constants, which represent the adsorption capacity and the adsorption strength, respectively, is the Langmuir constant (L/mg), and is the theoretical saturation capacity of the monolayer (mg/g). The plot of log versus log in 2 ) of Freundlich isotherm are given in Table 2 for basic orange dye and Table 3 for methyl violet dye. Figures 13(a) and 13(b) for basic orange and methyl violet dyes, respectively, illustrate Langmuir isotherm plot for experimental data ( versus / ). The values of , intercept , and the linear correlation (
2 ) of Langmuir isotherm are given in Table 4 for basic orange dye and Table 5 represents the best fit with the adsorption experimental data; the high correlation coefficient obtained indicates high affinity between adsorbent surface of CNTs and basic orange and methyl violet dyes which plays the major role in the adsorption mechanism. This might be because the adsorbent surface is nonhomogeneous and there could be more than one type of sorption sites on the surface [28] . The magnitude of the gives an indication of the favorability of adsorption. Values of > 1 in the range of 1-10 (in this study 1.2466, 1.5352, and 2.6738 for basic orange dye 
Conclusions
The MWCNTs prepared, purified, and functionalized in this study are successfully used in complete removals of dyes from wastewater. Such process may be considered as a promising method for removal of pigments, dyes, and other organic species from wastewater, particularly applying for wastewater store in a tank of textile factories which can be treated by our process before discharge into river. Purified and functionalized CNTs identified by FTIR clearly show the presence of functional groups. Such groups offer free active sites anionic groups and thus improve their ion exchange property for selective adsorption of oppositely charged species (basic orange and methyl violet dyes). Modified CNTs show better dispersibility in water. The carbon nanotubes which were prepared in this study are found to be efficient for the adsorption of organic pollutants (basic orange and methyl violet dyes). The removal percentage of organic dyes increases with increase in the contact time, CNTs dosage, and pH and decreases with increase in dyes concentrations. The adsorption isotherms of both dyes have been well fitted by Freundlich model compared with Langmuir model. CNTs as adsorbent have many advantages compared with activated carbon. CNTs can act as more effective adsorbent than activated carbon in terms of larger adsorption capacity, shorter equilibrium time, superior adsorption selectivity, and easier regeneration.
